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j ySl) Abstract 

! 1-V:'Z«,^!,TlZ S " nC! 7 ir:,bltf ma, ."i al fr0m a ,ubu,ar im,ctur; ^ *« human body features a cylindrical bedv ,9, with 

i ti '. • •'•c rte £ fe n,b?4 ^"'T' f^" "" 0 a ™ m « r ct ' "« ibl < (23,. An Mart* cuff (26, is 

! -h-um".,; |, ef'L LT I' ^ C ^' U " l2t " ,S ,nflattd - the nKmbm »« «Jia«v outwardly so that the distal opening of 

.m. .umen . ) is expanded. An inflation ;uoe ( 2S> is used ;o inflate, and Jertate the cuff (26) bv rreans of i svrn-e f'^i An -i.,<,™,«i,- 

I ;-6; ,0 sT ri ^"r', SUa0U ; dS " iXibli min,b<rS l23) S ° *" "* 3 « contracredtowardlte^ori Si * ^os ii n^e ^ 
, uo, .s deflated. T1,e sleeve .JO, aiso prevents material from escaping between :he flexible members ,23) when the cuffs (26) are inflated 
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EXPANDABLE LUMEN DEVICE AND METHOD OF USE 

BACKGROL^sT) 

Various tubuiar structures within the human, body may come to contain maieriais. whether 
of the body's origin or man-made, that are undesirable. For example, stones may develop in the 
biiiary or excretory systems, blood clots may form in blood vessels, or surgically implanted devices, 
such as catheters, may have fragments break off. For most of these situations, surgical intervention 
has traditionally been the primary means of retrieval and treatment. 

Recently, however, various interventional radiological techniques have been developed which 
allow removal of such undesirable material. Such techniques invoive the introduction of guide wires 
and catheters, or other medical devices, into the lumen of the tubuiar structures through introducer 
sheaths. 

In one type of interventional radiological technique, various baskets, such as the SEGURA 
basket, manufactured by the Meditech company of Watertown. Massachusetts, are used for trapping 
stones in the biiiary and excretory tracts. Unfortunately, such devices are not easiiy inserted into, or 
manipulated within, the lumen of a human body's tubular structures. The basKets also uenerallv 
contain wire mesh that may damage the interior waiis of tubuiar structures. 

Interventional radiologic techniques have been developed in which pharmacologic agents, 
such as urokinase, are used through catheter directed infusion to dissolve blood dots. This dissolving 
of clots is a relatively lengthy process and is extremely expensive. Furthermore, the process poses 
significant nsks to the patient, the most serious of these being the precipitation of bleeding elsewhere 
in the body. 

In U.S. Patent No. 4.927.42o to Dretier. there is disclosed a device for caDturine and 
disintegrsting kidney stones and the tike. The device features a snare that passes through the lumen 
of a catheter Once the catheter is positioned within a passage of the human bcdv. such as the urinarv 
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tract, the snare rnav be e rt ~ ^ ° ^ nnr nr'*^ r l, ~, ^ ■ . » • , 

- ...a oe jet. — - out or ...e catneter 3 distal enc :n an axiai direction i0 that i: may 

capture a kidney stone. The catneter has an eiastomenc structure or. its distal end which is inverted 
on itseiras the kidney stone is drawn axiaily into the lumen of the catheter. The snare features an 
elongated tube through which a iaser rlber passes. This ailows the kidney stone to be disintegrated 
as it is held within the catheter. A disadvantage of this device, however. is tha£ it features a profile 
that would preclude introduction into the vascuiar system. Furthermore, the eiastomenc structure on 
the distal end of the catheter has undesirable consequences, as will be discussed below. 

U.S. Patent No. 5.092.839 to Kipperman discloses a method and apparatus for removing 
thrombus and plaque from a coronary artery. The apparatus features a balloon catheter disposed 
throush the lumen of a gu.ae catheter. The guide catheter features an expandable distal tip. Once 
the device is positioned within the anery. the baiioon is inflated to expand the distal tip of the guide 
catheter The baiioon is then deflated and the distal t.p of the gu.de catheter retains its expanded 
shape. The balloon catheter is then extended out from the distal tip and beyond the occluded portion 

of the arterv and is once ae*»n 'pflar-^ T'^ inr^t^^ • ■ 

^ « t _ n . itA iac.w. i ..e inr.atea baiioon is men redacted back into the guide 

catheter. carrvms with i r ^sir-ppi n ic"-o C • > .... 

. - .. . .sicud y u„s o. .nromous ana/cr piaque wnich had been disiodaed from 

:he arter, waii. A disadvantage of thus apparatus anc method, however, is that. ir. oraer to properly 
expand the distal tip of the guide catheter, the balloon must be precisely positioned. Furthermore. 

once the distal tip is expanded, it cannot ^n*-?r P n TVi;c,..«..w • « - 

tWamiUL D - -on.., acres, rhis would maxe removal rrom the patient's 

body or advancement further into the anery difficult if not impossible. 

in oraer to accommodate rnp r ar n P ...; _ < M . ... 

u.umocaie tne .anevai ana removal or toreign comes that are iarger than the 

inner ciameter or" their distai ti^s a n,, m ^ iar n , , . 

>tdi ii-s. a ..Lmo.r o. .neatns anc catheters nave been constructed from 

eiastomenc substances An av 1mn ; a f - crr .. . , 

.-m vxampi. is tne E\ C catneter available from the Applied Medical 

corporation of Lacuna Bcch CV<<fnr-^ - -4-„ • ... 

• c - La - !I0m 2. .-. aisacvantage cr existing eiastorr.eric sheaths and 

catheters, however, is that, because of their eiastomenc 



construction, tr.ev are easiiv deformed in 
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For a more complete understanding of the nature and scope c: the invention, reference mav 
now be had to the following detailed description of embodiments thereof taken in conjunction with 
the appended, ciaims and accompanying drawings. 



BRIEF DESCRI PTION OF THE DRAWINGS 

Figs, i A and I B show perspective panial sectional views of a catheter that is an embodiment 

of the present invention with its cuff in deflated and inflated states, respectively; 

Figs. 2 A and 2B show end axial views of the distal end of the catheter of Figs. I A and IB, 
respectively; 

Figs. 3 A through 3E show partial sectionai perspective views of the catheter of Figs, i A and 
IB being used in accordance with the method of the present invention to remove a blood clot from 
a blood vessel. 



DESCRIPTION 

Referring to Figs, i ana 2. a catheter that is an embodiment of the present invention is shown. 
It is to be understood that embodiments of the invention may take the form of atypical catheter, a 
guide catheter, an introducer sheath or the like. Catheter cylindrical body 9 features Luer Lock hub 
10 mounted on its proximal end 1 1 and a central lumen 12 throuah which a euide wire and other 
devices may be passed. The proximal portion 2 1 of catheter body 9 is fixed so as to provide rigidity 
Catheter body 9 is preferably constructed of either a plastic polymer or a metallic substance. A: 
junction point 22. the catheter body 9 divides into flexible members 23 that, in their unexoanded state, 
as shown in Fig. 1 A. maintain the same cylindrical shape as proximal portion 2 1 over the remaining 
length of the catheter body 9 The distal portion of catheter body 9 may involve as few as wo and 
as many as eight flexible members 23. The flexible members 23 orovide a measure of rieiditv to the 
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distal portion of the catheter body while at the same time aiiovvirm radiai exoansion 

Distal tip 25 features an inflatable curl 26 attached about che circumference of the interior 
surface of members 23 Cuff 26 may be attached by bonding using biologically inen adhesives or a 
loop formed in the material of the flexible members 23. Cuff 26 is preferably composed of a slightly 
elastic plastic polymer which is biologically inen and expands to a predictable degree under inflation 
pressure. Plastics such as polyurethane may be used for this purpose. The wails of inflatable cuff 26 
are thin, so as to minimize added thickness to the profile of lumen 12. 

A cuffinflation tube 28 provides a dedicated inflation lumen 29 that is in fluid communication 
with cuff26. Cuffinflation tube 23 is connected to the interior surface of one of the members 23 so 
as to run longitudinally through iumen 12. A side porx 30 is connected to the proximal ponion 21 of 
catheter body 9 and communicates with the proximal end of cuff inflation tube 2S. A syringe 32 
connects to side port 30 via a Luer Lock hub 34 Inflation of cuff 26 is accomplished by the injection 
of fluid, most appropriately one containing a radiopaque contrast, through cuffinflation tube 23 via 
synnge 23. The inflation of cuff 26 with liquid containing radiooaaue contrast allows for easier 
positioning of the catheter during an interventional radiological procedure. 

In Figs. IB and 2B. catheter body 9 is shown with the distal end of the iumen opening 35 in 
an expanded state. The diameter of expanded opening 35 is chosen depending upon the size of the 
tubular structure of the human body within which the catheter is placed. Opening 3 5 may be expanded 
with the intent of engaging the interior of the wail of the tubular structure so as to create a 
circumferential occlusive seal therein. However, in situations in which flow through the tubular 
structure cannot be completely interrupted, as. for examoie. in a main arcerv. the exoanded diameter 
may be chosen so as to create an enlarged orifice, but without circumferential contact with the interior 
of the wall of the tubuiar structure. Fiow may then continue around opening 35. 

.As shown in Figs. 2A and 2B. encircling the entirety of catheter bodv 9 is an elastomeric 



6 

SUBSTITUTE SHEET (RULE 25) 



WO W/203J5 PCT ; l*S»W225fiO 

membrane sieeve 40 forrurted for clarity in rigs. iA and IB), affixed to the outer surface of the 
catheter body members 23 The elastomeric membrane sleeve 40 serves two main purposes First, 
the membrane, by its elastic nature, contracts the members 23 so that the dista! portion of catheter 
body 9 resumes its original shape after cufF26 has been deflated. Secondly, since inflation of cuff 26 
forces the flexible members 23 away from one another, thus creating substantial space between them, 
the ability of the catheter to accept and trap material is compromised in the absence of a membrane 
which spans these members. Elastic membrane sieeve 40 thus maintains a continuous wall about 
lumen 12 through which material drawn thereinto may pass to the exit port 42. 

Figs. 3 A through 3E show the catheter being used in accordance with the method of the 
invention to remove a biood clot from a vessel. It is to be understood that use of the device in a blood 
vessel to remove a blood clot is presented as an example only and that the catheter and method of the 
present invention may be used to remove a variety of undesirable materials from a number of different 
tubular structures in the human body. The latter includes, but is not limited to. tubular structures of 
the biiiarv. excretory and vascular svstems. 

As shown in rig. 3A_ a guide wire 44 has been inserted into the biood vessel 46. Next, 
catheter body v is introduced into biood vessel 46 with a central dilator 50 disposed ahead of the 
catheter. This is done so that the blunt end 25 of the catheter bodv 9 does not damace the walls of 
vessel 46 as it is advanced. During this stage, cuff 25 is deflated. Catheter body 9 is guided to the 
location of a blood clot 52 via travel along guide wire 44 (which, it is noted, passes through the clot). 
Once tne catheter body 9 is in the proper position, as shown in Fig. 3B. central dilator 50 is removed. 
At this point, catheter body 9 may be partially withdrawn if desired. However, it should never be 
advanced without central dilator 50 in piace for the reason mentioned above. 

* 

Next, as shown in Fig. 3C. cuff2S is inflated so that the distai end 25 of catheter body 9 is able 
to accommodate ciot 52. A balloon catheter 60 is then passed, in a deflated condition, aiong guide 
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^ire 44. through iumea :2 2nd through ciot 52. Such balloon catheters are well known in the an. 

Referring to Fig. 3D. once the bailoon portion 62 of balloon catheter 60 has passed through 

clot 52, it is inflated via methods well known in the an. After the bailoon portion 62 is inflated, as 

shown in Fig. 3E. the clot is puiied into catheter body 9 with expanded distai end 25 providing proper 

5 clearance. With ciot 52 caprured within catheter body 9, cufT26 is deflated so that the distai end 25 

contracts back towards its original size and shaDe. This results in ciot 52 beine comoacted bv the 

* ■» • « 

interior surfaces of members 23 as they are pulled radially inwards by elastomeric membrane sleeve 
40. During this stage, the bailoon portion 62 of balloon catheter 60 is also permitted to deflate. With 
distal tip 25 contracted back to approximately its original size and shape, and clot 52 compacted 

iO within the catheter body 9, the unit may be easily removed from the vessel of the patient. 
Alternatively, the balloon catheter 60 may be used to pull clot 52 through the remaining portion of 
catheter body 9, including proximal end 21. through lumen 1 2 and out exit port 42 ( see Figs, i A and 
IB). In this manner, ciots are removed from the vessel and body without necessitating reinsertion of 
catheter body 9 should retrieval of additional clots be desirable. 

i 5 While a balloon catheter 60 has been used in the example presented in Figs. 3 A through 3E. 

a snare or ether retrieving device may be used as an alternative Tins would be necessary, for 
example, in situations wherein the undesirable material to be removed is not penetrable. 

While the preferred embodiments of the invention have been shown and described, it will be 
apparent to those skilled in the an that chances and modifications mav be made therein without 

20 departing from the spirit of the invention, the scope of which is denned by the appended claims. 
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accordion-iike fashion when an object is brought up forceruify against their orinces. Furthermore, due 
to their derbnr.abiliry. such sheaths and catheters may be peeied back curing introduction through the 
skin or whiie entering the target structure. This couid render the device useiess and may possibly 
resuit in damage to the skin or target structure. 

Accordingly, it is an object of the present invention to provide a catheter, which may be in the 
form of a typical catheter, a guide catheter or an introducer sheath, and a method of use by which a 
variety of undesirable materials mav be removed from tubular structures within the human bodv. 

It is also an object of the present invention to provide a catheter with a lumen which may be 
easily expanded once the catheter is introduced into a tubular structure of the human body so as to 
allow ror passage of materials into the i\o of the catheter for easier removal from the bodv 

It is a runner object of the Dresent invention to orovide a catheter with an expandable lumen 

* * 

that is eiastic so that it may be contracted back to its original size whiie in a tubuiar structure in the 
human body. 

It is a runner object of the present invention to provide a catheter which allows for eiastic 
expansion of its iumen whiie maintaining adequate iongitudinal strength to resist accordion-iike 
deformation 

It is still a runner object of the present invention to provide a catheter which allows for eiastic 
expansion of its iumen and may be easily introduced and withdrawn from a tubular structure of the 
human bodv. 

SUMMARY 

The present invention is directed to an expandable iumen device for retrieving material from 
tubuiar structures within the human bcdv The device is Danicuiariv userui for retnevinc matenai that 
normaiiy wouid be too iarge for the CDeninz of a tvoicai catheter or sheath The device mav take the 
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form of a catheter, sheath or the iike. it features a cylindrical body defining a central lumen with a 
distai opening. The proximai portion of the body features a solid wail while the wall of the distal 
portion is divided into a plurality of flexible members. 

An inrlatabie curTis attached to the interior surfaces of the flexible members near the distal 
opening of the lumen. As a result, when the cuff is inflated, the flexible members move radially 
outwardly so as to expand the distal opening of the lumen so that relatively large materials may be 
retrieved into the lumen. An elastic sleeve surrounds the flexible members so that they are drawn 
together when the curTis deflated. The elastic sleeve also prevents the escape of material between the 
flexible members when the cuff is inflated. 

A cuff irulation tube is in fluid communication with the inflatable cuff and is secured to the 
interior surface of one of the flexible members and runs longitudinally through the central lumen. The 
proximai end of the cuff inflation tube is in communication with a side port which in turn is in 
communication with a syringe. Manipulation of the syringe causes the cuff to inflate. 

In use. a guide wire is introduced into a tubular structure of the human body Next, the device, 
with a central dilator in its lumen, is guided via tne guide wire through the tubular structure to the 
location of the material to be removed Once tne device is in position, tne central dilator fs removed 
The cuff is then inflated so as to enlarge the distal opening of the lumen to a size that is compatible 
with the material. A balloon catheter or snare is then fed through the lumen and is used to Dush or 
pull the material into the central iumen of the device. Once the matenai is caotured within the device, 
the cuff is deflated so that the distal opening of the lumen contracts. The materia! may then be 
removed from the tubular structure through the central iumen or the entire device itseif may be 
removed with the material caotured inside. 
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WHAT IS CLAIMED IS 

I A device for retrieving material from tubuiar structures within the human body comprising: 
aj a cyiincrical body defining a centra! lumen, the cylindrical body having a proximai ponion 
and a distal ponion. said distai ponion being radially expandable and having an end with an opening; 

b) an inflatable cuff attached to said end of said distal portion, said cuff when inflated causing 
the distal ponion to move radially outward to expand the diameter of the opening in the end of the 
distal ponion; 

c) an inflation lumen in fluid communication with said inflatable cuff; and 

d) means for inflating and deflating said inflatable cuff through said inflation lumen. 

2. The device of claim 1 wherein said distal ponion of the cylindrical body includes a surface 
to which said inflatable cuff is attached. 

5. The device of claim 2 wherein said inflation lumen is a cuff inflation tube. 

4. The device of claim 5 wherein said cuff inflation tube is attached to the surface of the distal 
ponion of the cylindrical body. 

5 The device of claim i wherein said means for inflating and deflating said inflatable cuff 
includes a sice pon formed in the proximai pcnion of said cyiincrical becy and in communication with 
said inflation iumen. 

6. The device of claim 5 wherein said means for inflatine and deflating said inflatable cuff, 
includes a syringe in communication with said side Don. 

* 

7. The device of claim i wherein said distai ponion includes a plurality of flexible members, 
said flexible members moving radially outwards so as to exoand the ccenina of the end of the distal 
ponion when said inflatable cuff is inflated. 

S Tne aevice or claim 7 wherein said piuraiicy of flexible members are surrounded by an 
eiastcmeric membrane sieeve so that the members are drawn together when said inflatable cuff is 
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cierlated. 

9. An expandable iumen device for retrieving matter from tubular structures within the human 
body comprising: 

a.) a cylindrical body defining a central lumen with a distal opening, the cyiindrical bodv having 
a proximal portion and a distal portion with said distal portion denned by a plurality of flexible 
members; 

b) an inflatable cuff attached to said plurality of flexible members so that when said inflatable 
cuffis inflated, the flexible members move radially outwardly so as to expand the distal opening of the 
central lumen; 

c) an eiastomeric membrane sieeve surrounding the plurality of flexible members so that said 
plurality of flexible members are drawn together when said inflatable cuffis deflated; 

d) an inflation lumen in fluid communication with said inflatable cuff; and • 

e) means for inflating and deflating said inflatable cuff through the inflation lumen. 

10. The expandable lumen device of claim 9 wherein said flexible members include surfaces 
to which said inflatable cuffis attached. 

I 1 The expandable lumen device of claim 10 wherein the inflation iumen is a cuff inflation 

tube. 

12. The expandable lumen device of claim 1 1 wherein said cuff inflation tube is attached to 
the surface c: one of the flexible members. 

1 3 . The expandable iumen device of ciaim 9 wherein said means for inflating and deflating said 
inflatable cun includes a side port formed in the oroximai Domon of said cylindrical bodv and in 
communication with said inflation lumen. 

14. Tr.e expandable iumen device of ciaim 13 wherein said means for inflating and deflating 
said inflatable curf includes a syringe in communication with said side con. 
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1 5. The expandable iumen device of ciaim 9 further comprising an exit pen formed in the 
proximal portion of said cylindrical body and in communication with said central iumen. 

16. A metnod for retrieving material from rubular structures within the human body 
comorisinc the steos of: 

a) insening a guide wire into the tubular structure; 

b) guiding a catheter featuring an expandable lumen opening along the guide wire proximate 
to the material; 

c) expanding the lumen opening to a size sufficient to permit the material to be received in the 

lumen; 



d) moving the material into the lumen openinc; and 

e) contracting the iumen opening to capture the material. 

1 7. The method of ciaim 1 6 further comprising the steps of placing a centra! dilator through 
the catheter prior to step b) and removing the central dilator prior to step d). 
IS. The method of claim 16 wherein step d) includes the substeos of: 
1 s i) deploying a balloon catheter through the iumen opening and past the material: 

ii) inflating the balloon catheter; and 

hi) drawings the material into the lumen opening by withdrawing the balloon 
catheter. 



19. The method of claim 16 wherein the lumen opening is expanded by use of an inflatable 



20 cuff. 



20. The method of ciaim 16 further comprising the step of puiling the material out of th< 
catheter through an exit port external to the tubular structure. 
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